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PatentansprUche 



- 1^ Verfahren zun Nachweis und zur Charakterisierung einer 
TSestimmten NuklelnsSure-Sequenz oder eines bestimroten Nuk- ' 
leinsSure-Fragraents, insbesondere eines Gens, auch der ge-. 

25 saroten NukleinsSure in einer Probe eines NukleinsSurekomplexes 
durch Zusammenbririgen der Probe, gegebenenfalls nach vorherigen 
Denaturieren der untersuchten Nukleins&ure, mit einetn eine 
komplementHre NuklelnsHure enthaltenden Indikator, der hybri- 
dlsierbar mit der gesuchten Nukle ins Sure oder deren Sequenz 1st, 

30 d a d u r c h gekennzeich.net, dafi man als 
Indikator einen durch Bindung an ein Enzym vor oder nach der 
Hybridisierungsreaktion chemisch modfizierten Indikator verwendet 
wobei;die gegebenenfalls anwesende NukleinsSure oder deren 
Sequenz durch die AktivitSt des so umgewandelten Hybridisie- 

35 rungsprodukts aus Indikator und NukleinsSure oder deren Se- 
quenz als Substrat ftir ein Enzym nachgewiesen werden kann. 



2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafi 

909844/0747 
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^^^f^ilS^ auf seine FldSSkei V nt<e1w>Tw^iM0 



B^h^enM^Qh ^Anspruch l .1 ipaor . 2> - dadurch- gekemselcnm 

Mtird©ms|n^ 



y&5p;rHchM^ 




T ' l! ^^^^m^t€ 9 ^^^^^^V^ i ^ .** :d«durch' gekenrizeiqhnet, .^MflM 



|ais®5(23fro :die"|£^alac' tos idase' verwende t . 



f^tfem.^h^ipl96h vtiiodifiziertetKund hybridisierten Indikator wid^ 





fol<jende Bestandteile aufweist: 
^ 3$ V.' a j minde^tens Qiricn bestimniten Indikator a us qiner RNA Oder 
einer einzelstrangigen DNA, die charakteristisch 1st fur 
eine gesuchte Nukleinsaure oder deren Sequenz, wobei 
dieser Indikator im Hinblick auf seine Bindung mit einem 




schlagen, • die s i ch.'d le Hybrid i 5 i erungs rea k t ionen zwtschen' der 
gesuchten NukleinsSure bzw. dero Oen und einem Indikator zu- 
nutze machen, sofern. ein solcher Indikator verfiigbar ist und 
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QSS£il..^ e . erfcaXtenen Hybride SPdann vpn' der Prpbp abgetrennt warden , 
^ : &&^JM5m)Qn^Wispa©Jsweise durph differenticsXXe '5Qdlroenta1^pn:9uj3^ 



i ;,&^%eJ,ner I$sung; mitteXs UWr^zentrifwgi^^n- 



- '*»-*■.?!*< '* "4- . • * l*". " ^ 



BllBS^eXp^ 



^fewfeffi'V-— ■^'U a ^»li'4.^:"4 w<mav*»a4 4-«» n - a^' Dv«A4*a-1 nA'^^'TilTvCuAl *»Vi*»-:rl4 a -\-$jt;^ktU^r ; 




^p5t3n»n9n;|kompX«inentSr ' sind. ' Dies 




v& zeijgt^ieM^ 



in der mganschaft der .UNA, ; gemischta IJybride rait ^ehYentsprji^ 
1$ ehenden v Sequenzen der zugehOrigen DNA zu biiden, die/ zuverj|||J;; 



denaturlert wprden 1st, seweit diese anf angs deppeistrlSngig : 
war, beispieXsweise naph Inkubatien bei heher Ipnenst&rke iava ^ 
erhShter Tempera tur pder in basisehera MiXieu. Pf#:V 

20 Es wurde vprgeschiagen, den Naphweis vpn gebiXdeten Hybriden 
wit HUfe elner radlpaktiven Markierung der Gene sselb^t pder^ . 
;i.>.i;Jier.iWA-^n4ikatpren vprzunehraenVp^ M^pI^WM^ 
tbpden ;ist Jedpch niPht einfaeh, und euCerdem; 1st "99 dabei • ;j . 
hicht IraWr ro^gXiPh, die qihe^%iieriMilb ';der:.SA : : au3Ai*«hien4^vi : 



25 zu ipkaXisieren. 



Vra die unterauchten Gene in der sie enthaitenden DNA besser 

XekaXiaieren zu Wnnen und eine MetbPde zur BXidung ven ^ 
wit bestimmten DNA-5egmenten angereicherten Fraktienen - aus- 
30 gehend vpn derseiben DNA - zu entwiekeXn, haben Manning et aX 
< eine Methpde zuru physiko-ehemiaphen Naphweis dieser Gene ver- 
gpschlagen. Diese Methpde beateht aus der ehemisphen Mpdifi- 
zierung dea RNA-Indikatprs durph Anheftung vpn BiPtingruppen, 
d.h. Derivaten des Cytophrera C« Diese Biotingruppen heften 
35 slch durph Brllckenbiidung bei der Hybridisierung an die DNA an 
und sird nun physikalisch im Eiektronenmikreskop 
als StaubteilPhen^dle aus submikrpskopischon KUgeiphen vpn 



1 einem Durchmess© von 60 nm bestehen, inftsondere auf einem 
Untergrund von Polymethacrylsaureester nachweisbar.Die Kugelchen wurden 
zuvor chemisch nodifiziert und kovalent an Avidin-MolekUle gebunden. 
Diese Methode ist in "A New Method of in situ Hybridization", 

5 Chromosoma, Springer Verlag (Berlin), Bd. 53 (1975), s. 107 
bis 117 und in "A Method for Gene Enrichment Based on the 
Avidin-Biotin Interaction, Application to the Drosophlla 
Ribosomal RNA Genes", Biochemistry, Bd. 16 (1977), Nr. 7, 
S. 1364 - 1369 beschrieben. 

10 

Die Inkubation der Hybride, die durch Biotin und Avidin modi- 
fiziert sind, machtes mBglich, die Stelle der gesuchten Gene 
in der sie enthaltenden DNA zu "markieren" und sie innerhalb 
der globulSren Struktur der DNA nachzuweisen. Diese ist ebenfalls 
15 im Elektronenmikroskop sichtbar * infolge der sehr starken 
nicht kovalenten Interaktionen, die nach wie vor an den Stellen 
herrschen, die frei ven Biotin und Avidin geblieben sind. 

Diese Methode ist Jedoch kaum dazu geeignet , 

20 rasch zu bestimmen, ob derartige Gene bzw. DNA in einer biblogischen 
Probe menschlicher oder tlerischer Herkunft anwesend sind oder 
nicht. So ist beispielsweise oino raschc Diagnose einer In- 
fektion, von welcher der Wirt mSglicherweise befallen ist, oder 
der Tatsache, ob ein Gen oder beispielsweise eine DNA-Sequenz 

25 in diesem Wirt unverSndert geblieben ist oder nicht nach der 
Methode schwer mQglich 

Aufgabc der Erf indung ist es Nachweis- und sogar Charakterisie- 
rungsmethoden zur VerfUgung zu stellen r die mit einfachen Mit- 
teln von Labor an ten ohne bosondcre Ausbildung angewandt werden kCnnen. 
30 Diese Aufgabe wird durch die Erf indung gel6st. 

Die Erfindunp betrifft somit den in den PatentansprUchen gekenn- 
zeichneten Gegcnstand. 

35 r.'atiirlich darf die chemische Modif izieruhtf die gecebenenfalls 
zusatzlich stattf indende Hybridislerung des Indicators mit der ge- 
suchten DNA-Sequenz bzw. dem DNA -Figment nicht behindern. 



1 FUr den Fachmann liegt es auf der Hand, daB mit dieser Methode 
die MSglichkeit gegeben 1st, rasch festzustellen, ob in einer 
biologischen Probe das DNA-Cen bzw. DNA -Fragment, das dem ver- 
wendeten Indikator entspricht, vorhanden ist oder nicht, und 

5 dies sogar bei Anwesenheit einer groBen Anzahl anderer Nuk- 
leinsauren. Dies 1st insbesondere darauf zurlickzufUhren, daB 
durch den Nachweis auf grund der enzyna t i schen Aktivitat, wdbei das Enzyra 
duzch das Substrat an das Hybrid gebunden ist, umfassende Anwendungsmoglich- 
keiten gegeben sind. 
10 Nach einer ausreichenden Reinigung des Hybrids 1st es sogar 
moglich, Angaben Uber die Konzentration der gesuchten DNA in 
der untersuchten biologischen Probe bzw. Uber die Anzahl der 
Kopien des gesuchten Gens in der gereinigten DNA zu erhalten, 
und zwar durch Bestimmung der Enzymaktivitat. 

15 

Pel einer zu untersuchenden Nukleinsaureprobe kann man zunachst 
die Hybridislerung durchfUhren. Dann kann die Bindung zwlschen 
dem chemisch modirizierten und hybrid is ierten Indikator und dem 
Enzym stattfinden. Hon kann vor Bestimmung der 
20 Enzymaktivitat den gegebenenfalls im UberschuB vorhandenen nicht 
hybridisiertcn Indikator bzw. das liberschlissige mit dem Tndi- 
kator nicht umgesetzte Enzym abtrennen oder abbauen. 

GemaB einer anderen Ausftlhrungsform der Erfindung kann die Ab- 
25 treimung oder der Abbau des UberschUssigen nicht hybridlsier- 
ten Indikators gegebenenfalls vor der Bindung zwischen dem 
chemisch modif izierten und hybridisierten Indikator und dem 
Enzym erfolgen. 

30 Der spezifische Indikator kann aus RNA oder einzelstranglger 
DNA bestehen. Verwendet man eine urspriinglich doppelstr&nglge 
D?/A (oder TWA ) aln Indikator, so mufl er vorher durch an sich 
bekannte Method on denaturiert worden :;ein. 

35 Fiihrt man eine chemische Modlfizierun^ de.'j Indikators mit Bio- 
tin du^ch, so kann mnn die Methode nach Manning et al (a.a.O.) 



1 mittels des Cytochrom C (durchschnitEiich ein 
Bio tin pro etwa 100 Nukleotide ). anwenden. 



MolekUl 



Vorzugsweise verwendet man zum Markieren des Hybrids durch 
5 das Enzym den KompfFxjT^T^s^cii nach der Methode von Avrameas 
(beschrieben in Immunochemistry, Bd. 6 (1969), S. K~$ - 52) 
aus Avidin und den Enzyra, insbesondere der B-Galactosidase, ergibt, 

Man kann natUrlich auch andere chemische Modifizierungsmethoden 
10 fur den Indicator undgegebenenfalls das Enzym im Hinblick auf derei 
Bindung, vorzugsweise nach der Hybridisierungsreaktion, ver- 
wenden und kann die mcdif izierenden Mittel fur Indikator und 
Enzyra umgekehrt verwenden. 

15 Es kotnmen noch andere Paare von modifizierenden Mitteln fUr 
Indikator und Enzym in Frage, fUr die nachsteher.d einige Bei- 
spiele angegeben sind. Das erste dieser Mittel wird vorzugs- 
weise Jewells zur chemischen Modif izierung des Indikators und 
das zweite zur chemischen Modif izierung des Enzyms eingesetzt. 

20 Der Indikator kann beispielsweise nach einer bekannten Methode 
durch Metallionen* wie Quecksilberionen , modifiziert werden, 
und der Nachweis wird mittels elnec Enzyms durchgefiihrt, das 
Sulfhydrylgruppen (-SH) aufwelst oder an einen solche Gruppen 
enthaltenden TrHger gebunden ist. ' v ' 

25 

Kan kann beispielsweise folgendernaSer. vorgchcn, v/enn die zu 
untersuchende Probe nur aus wen! gen Mill 1 litem Blut besteht: 
Die Erythrocyten werden lysiert. und die DKA wird nach Ubli- 
chen Methoden extrahiert. Sodar.n wird eine kleine Menge der er- 
30 haltcnen DNA,beispielsweise 1 bis lOO^g, mit 0,1 - 0.) N NaOH denatu- 
riert, die LiJsung anschlieflend nuutralislert und auf einen pH- 
Wert von. 7 eingestellt. 

Die erhaltene Lbsung wird mit dem der gesuchten DMA oder dem 
DNA-Fragment entsprechenden Indikator versetzt, und zwar etwa 
35 1 ug Indikator pro 100 ug denaturiortc? LNA (die Mcnge dor gebrauchten 
IJaOH richtet sich nach dem Antcil dor gesuchten D?*A in der zu analysierender 
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1 Probe). Die Losung wird sodann mit Salzen versetzt, urn ein 
hohes Ionenmilieu zu erreichen, namlich mit mindestens 0,3 
in Gegenwart vein 50 % Formamid und eines Chela tbildners in ge- 
ringer Kbnzentration. Das Volumen soli vorzugsweise gering sein. 

5 Die Hybrid i si erung kann sodann bei der hierfUr Ublichen Tempe- 
ratur 1 bis 40 Stunden (normalerweise 16 Stunden) durchgef Uhrt . 
werden. Man kann auch die Methode nach Manning (a.a.O.) oder 
anaare Hybridisierungsmethoden anwenden, beispielsweise die 
Methode nach Kohne et al (Biochemistry, Bd. 16 (1977), S. 5329 
10 - 5341), die bei der hierfUr Ublichen Tempera tur in einer phenol- 
haltigen Bnulsion durchgeftihrt wird. 

AnschlieBend wird an ein Enzym, beispielsweise die 8-Galactosi- 
dase, gebundenes Avidin zugesetzt, und zwar unter Bedingungen, 
welche die Bindung des Biotins am Indikator an die freien Grup- 

15 pen des Avidins des Komplexes ermoglichen. 

Der nicht hybridisierte Indikator wird anschlieflend vom hyb- 
ridisierten Indikator nach Ublichen Methodex. abgetrennt, bei- 
spielsweise durch AusfSllen mit Polyathylen^lykol, Gelchromato- 
graphie beispielsweise mit Sepharose, oder Ultrazentrifugieren. 

20 Andererseits kann der nicht hybridisierte Indikator vor der 
Bindung des Avidins, welches das Enzym mit den an den hybri- 
disierten Indikator gebundenen Biotlngruppen trSgt, an die DNA 
abgetrennt werden. 

Man kann das gegebenenfalls fixierte Enzym und dementsprechend 
25 die gegebenenfalls stattfindundo effektive Ilybridisiorur.c; dos IiriiJcatqrs mit 
der untcrsuchtcn DNA nachwoisen, indem man oin'l^izyr^j^jstrat, insbesondere 
Orthonltrojjhcnolgalactosid (ONPG) , mit der msumj.iii Boruhrung bringt. 

Sobald die Vcrsuchs bedingungen festgclegt sind, ist es natUrlich 
^moglich, eine meflbare AktivitStsschwelle zu beutim!r.en, beispiels- 
weise durch eine kolorimetrlsche oder f luoro^rnphische Methode. 
Oberhalb dieser Schwelle kann auf die AnwcseriheJLt der gesuchten 
DNA oder des DNA -Fragments in der behandelton i'robe tfeschlossen 
werden. 

35 

Das' no?hstehond beschriebene im Labor durch^efiihrte Versuchsbei- 
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spiel dient zuiftrlSuterung des erfindunftgemSBen Verfahrens. 
Es llegt im Rahmen des handwerklichen Konnens, die Methoden 
im Hinblick auf die untersuchte biologische Probe und die ge- 
suchte DNA oder das DNA-Fragment entsprechend abzuwandeln. 

Versuchsbeispiel 

Der Versuch dient dem Nachweis einer Maus-DNA durch Hybri- 
disierung dieser DNA mit ribosomaler Maus-RNA als Indikator. 
100 /ug Maus-DNA pro 100 /il waBrlge Lbsung werden curch Ver- 
se tzen mit 10 /ul 1 M Naai denaturlert. Nach 10 Mihuten wird 
die Lbsung mit 10 /ul 1,5 M NatriumphosphorsSure (NaHgPO^) ver- 
setzt und auf einen heutralen pH-Wert eingestellt. Die dena- 
turierte DNA-L8sung wird sodann mit 1 /ug. ribosomaler RNA, die 
mit Biotin mittels Cytochrom C (hcrgestellt nach der Methode 
von Manning et al.) markiert 1st, versetzt. Das Vo lumen wird 
mit Wasser auf l6o /ul gebracht. Dann werden 40 /ul einer Itine- 
ra lsalzlbsung in einer Konzentration von 20 x SSC (Standard 
Saline Citrate) und 200 /ul redestilliertes oder deionlsiertes 
Forma raid zugegeben. Die Lttsung 1 x SSC 1st cine wSCrige Losung 
von 0^15MNaCl und O,015M Natrlumcitrat, bei einem pH-Wert von 
7,0. Das Gemisch wird 16 Stundcn bei Ublichcr Temperatur in- 
kubiert, dann bei 4°C gegen 2 x SSC dialysiert und anschlieSend 
8 Stunden gegen 500 ml Puf ferlbsung, die 0,1 M Phosphat, 1 M 
NaCl und 0*01 M Kthy lendiamintetraessig&. ares Natrium (EDTA) enthalt, 
bei einem ph-V/crt von 7,0 dialysiert. Letztere Dialyse wird 
zweimal wiederholt und Je 8 Stunden durchgefUhrt. Die erhalte- 
ne Lbsung wird eine Stunde bei Ublicher Temperatur mit pank- 
reatischer Rlbonuclease inkublert. Die Ribonuclease-Konzen- 
tration betrHgt 10 /ug/ml. Durch diese Behandlung kann nicht 
hybrid isierte RNA abgebaut werden. 
Sodann werden 1 mg/ml Cytochrom C-Ldsung und 1 /ul einer LBsung, 
die in 1 mg/ml Avidin und 2 mg/ml B-Galactosldase enthSlt, zu- 
gegeben. Dabei crweist sich, dafl clnct; von Y MolckUlen G-Ga- 
lactosidase an Avidin gebunden 1st. Die I,o:>un£ wird geriihrt 
35 und sodann 4 Stunden bei 4°C stehenftelaiiaen. 

AnschlieSend wird mit Phosphat-Dialysepuf fer auf 10 ml ver- 
diinnt, und die erhaltene Lbsung wird eine Stunde bei 25 000 
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1 U/Min. zentrifugiert (im Beckman Rotor SW 4l). DNA- und RNA-Hybride 
f inden sich im Niederschlag zusammen mit den an diese RNA ge- 
bundenen Avidin-fl-Galactosidase-Koraplexen. Der Uberstand ent- 
h&lt nicht hybridisierte und durch Rlbonuclease abgebaute RNA sowie 

5 ungebundene Avidin und 6 -Galactosida.se . 

Der Niederschlag wird abgetrennt und exneut in 10 ml Pufferlosung 
suspendiert und zentrifugiert. AnschlieOend wird der Nieder- 
schlag in 0,5 ml Puffer aufgenommen (Tube Nr. 1). Sodann wird 
die Aktivitat der fl-Galactosidase beim Umsetzen des Substrats - 

10 ONPG nach der Method e von Miller (Experiments in bacterial gene- 
tics (1972), cold Spring Harbor Laboratory, Cold Spring Harbor, 
New York, USA) durch Messung der optischen Dichte der 

Losung bei 420 nyu bestimmt, und zwar nach mi rides tens 30-mintt- 
tiger Inkubation bei 37°C. Es werden unter genauer Einhaltung 

15 der vorgenannten Bedingungen Kontrollproben hergestellt,wobei 
Jedoch beim ersten Kontrollversuch die Zugabe der rlbosomalen 
RNA (Tube Nr. 2) und beim zwelten Kontrollversuch die Zugabe 
der Ma us -DNA (Tube Nr. 3) weggelassen wird. Die Ergcbnisse 
sind in der Ta belle zusammengefaBt. 

20 



Ta belle 
Inhalt 

Tube Nr. DNA RNA optlsche 

2s Dichte bei 420 mu, nach 

30 Mln., bei 37 C 



30 



1 + + 0,45 

2 + - 0,14 

3 - + 0,15 

+ und - in der DNA- und RNA-Spalte deuten Jewells an, ob die 

DNA bzw. tiNA in der ursprUnglichen Losung vorhandcn war Oder 
nicht. 



35 Aus der Tabclle ist ersichtlich, daB die in der (das Hybrid 
cnthal tendon) Tube Nr. 1 ncncssene optischo Dichte signifi- 
kant honor ir.t a Is bei don Kontrollproben. 



sf^piel erlautert also die^ 



1 Das Versuchsbeispiel erlautert also die Bedingungen, unter de- 
nen die gegebenenfalls anwesende DNA bzw. das DNA -Fragment 
nachgewiesen werden kann, sofern ein komplementSLrer Indi- 
cator dieser DNA bzw. des DNA -Fragments verfiigbar ist, und zwar 
5 durch eine einfache Methode, die weder koropliziertes Laborma- 
terial noch besonders grofle fachmSnnische Erfahrung erfordert. 

Das erfindungsgemSOe Verfahren kann be i diagnostischen in vitro- 
Verfahren zum Nachweis verschiedener Viren, wie Herpes, 
10 Epstein Barr, Pox-Virus, Cytomegalo, in biologischen Proben 
(wie Blutproben, Stuhlproben) besonders vorteilhaft angewandt 
werden. Es kann ferner ftir die Diagnose bestimmter chromoso- 
maler Anoraalien angewandt werden. 

15 Das erf indungsgemSBe Verfahren kann weiterhin zur Feststellung 
der bakteriellen Diagnose, insbesondere bei Tragern pathogener 
Gene, seien sic exprimiert, nicht exprimiert Oder latent an- 
gewandt werden. 

20 FUr den Fachmann liegt es auf der Hand, dafi man beiiri Suchen 
eincr infektiBsen DNA rasch auf den Erkrankungsgrnd einer er- 
findungsgemSB behandelten biologischen Probe im Hlnblick auf 
die gesuchte Nukleinsaure bzw. der en Fragmente schlieflen kann, 
wenn keine Induzierung Oder zumihdest keine Oberschreitung der 

25 Aktivitatsschwelle auf dem farbigen Substrat festgestellt wird, 
set es durch Versuche sei es durch Verg]cich mit den virusfreien 
Kontrollproben. 

Umgekehrt kann die festgestellte nicht vorhandene Aktivitat 
30 hlnsichtlich des farbigen Substrats, lnsbcoonder obcrhalb der 
vorgenanriten Schwello, in einom a micron bcreLts angosprochenen 
Bereich Anwendung finden: Sie kann die Artwesenheit einer Ano- 
malic gesuchter chromosome ler AbnormitSt durch die festgestellte 
nicht vorhandene gesamte odcr partielle Hybridislerung zwischen 
35 Indikator und untersuchter DMA anzeif'cn. 

Beispiclsweise kann man fiir medizinische Labors 
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1 Reagenzsatze ("Kit") mit alien zur DurchfUhrung des 

erflndungsgemSflen Verfahrens notwendigen Reagentien zur Ver- 
fUgung .stellen. . Solche Reagenzsatze konnen lnsbesondere 

Muster filr Indikatoren enthalten, die belspielsweise den DNA von 

5 gut erforschten pathogenen Viren oder Bakterlen entsprechen, und 
sogar filr Indikatoren, die den besonderen Cenen entsprechen, die 
normalerweise in biologischen zu untersuchenden Proben wie Blut 
enthalten sind. 

10 Wie bereits erwahnt, sollte der modifizierte Indikator vorzugs- 
weise ein Indikator sein, an den Biotin gebunden ist und wobei 
das modifizierte Enzym, belspielsweise die fl-Galactosidase, 
selbst an das Avidin gebunden ist. 

15 Die Erfindung betrifft weiterhin neue 

Komplexe aus einem Enzym (dessen Aktivitat im Hinblick auf 
lnsbesondere ein farbiges Substrat nachgewiesen werden kann) 
und einem Indikator (RNA oder einzelstrangige DNA), sei es die 
Bindung erfolgt direkt, sei es mit Hilfe eines tonplexbildenden Mittels 

20 zur Industriellen Verv«ndung. Sie betrifft auch den Kdnplex aus Efczym und 
mindestens einem chemischcn MoleWil, x^bei der gonze Kcnplex an einen ge- 
gebenenfalls modifizierten Indikator (RNA oder DNA) gebunden 
werden kann, der selbst mit einer DNA bzw. einem K<A-Fragment hybri- 
disierbar ist. Solche neue industrielle Produkte sind bei- 

25 spielsweise die Komplexe aus Indikator (RNA oder DNA) und einera 
Enzym, wie die fl-Galactosidase, oder die Komplexe 

aus Avidin bzw. Biotin und einem solchen Enzym. 

Die Erfindung kann noch in anderen Bereichen Anwendung finden, 
30 lnsbesondere bei der Markierung bestimmter DNA-Fragmente in 
bekannten genetischen Versuchen zur Bestimmung des Genotyps 
der in Prage stehenden DNA. Sie kann lnsbesondere Anwendung 
finden bei der Bestimmung, ob ein besonderes DMA-Fragment in 
genetischen Ausleseversuchen inkorporiert ist oder nicht. Bei 
35 diesen Ausleseversuchen geht es belspielsweise urn Transforma- 
tionen von Zellen mittels fremder DNA, die das betreffende DNA- 
Fragment enthalt, oder aber um Transduktionsversuche, bei denen 
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1 DNA-Fragmente, die normalerweise in der zellulSren DNA ent- 
halten sind, in die virale DNA Ubergehen, rait der die Zellen 
infiziert worden sind. Eine solche Anwendung 1st natUrlich nur 
mSglich, wenn man Uber einen Indikator verfUgt, der das kom- 

5 plementSre RNA- bzw. DNA-Fragment des Fragments der gesuchten 
Hukle ins Sure ist. 

Die vorliegende Erfindung erschSpft sich keineswegs in den er- 
lSuterten Anwendungs- und DurchfUhrungsmBglichkeiten. Sie um- 

10 faflt vielmehr alle Varianten, insbesondere hinsichtlich Modi- 
fizierungen des Indikators, die eine enzymatische Dosierung 
des Hybrids ermcSglichen, sowie die Modifizierungen hinsichtlich 
der Bildung und/oder Reinigung des Hybrids, der Markierung oder 
cheraischen Modifizierung der untersuchten DMA selbst, und zwar 

15 unter deh vorgehannten Bedingungen, wobei beim RNA-Indikator 
keine besondere Markierung vorgenommen wlrd. Eine Umkehrung der 
Reagentlen kann beispielsweise im Palle einer DNA in Betracht 
gezogen werden, die zahlrejche repetitive Gene enthalt, welche 
aus der gesamten DNA in Form des Hybrids mit dem Indikator iso- 

20 liert werden sollen. Vorher wird die DNA .durch ubliche Methoden 
f racjr.entlert . 



Gcma3 einer anderen AusfUhrungsform kann man das Verfahren zum 
Hachweis des Hybrids aus der gesuchten DNA und dem Indikator, 

nlttels eines an eln F.nzym, bclsplelywcine die fl-Galactosi- 
dase, gebundenen Antihybrld-AntikiJrpers anwenden. 
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II 

The Invention of the Opposed Patent 



European patent EP 0 286 898 (hereinafter named "the opposed patent") relates to 
nucleotides which are modified capable of incorporation into nucleic acids and once 
incorporated in nucleic acids, the modified nucleotides do not significantly interfere with 
the formation or stabilization of the double helix formed of the resulting nucleic acids 
containing modified nucleotides. 

The opposed patent further deals with various methods in the field of biochemistry where 
the formation of the above labelled double helix is used as a detection or determination of 
a specific DNA. 

The claims of the opposed patent reflect the subject matter claimed in detail: 



1 . A nucleotide having the formula 



? - S - 3 

wherein P is a phosphoric acid moiety, S is a sugar moiely and B is a pyrimidine, purine or7-deazapurine moiely, 
P being attached at the 2\ 3' and/or 5' position of S, B being attached to the V position of S Irom the N1 position 
when B is a pyrimidine or the N9 position when B is a purine or 7-deazapurine, and Sig is covalenty attached to 
S directly or through a linkage group and represents a moiety which is detectable when said nucleotide is incor- 
porated into a double-stranded nucleic acid duplex, Sig being a monosaccharide, polysaccharide or oligosaccha- 
ride or an electron dense component, a magnetic component, an enzyme component, a radioactive component, 
a catalytic metal component, a fluorescent component, a chemiluminescent component or an antigen, hapten or 
antibody component. 

2. The nucleotide of claim 1 wherein Sig is a sugar residue and said sugar residue is comptexed with or attached to 
a sugar or polysaccharide binding protein. 

3. A nucleotide according to claim 1 or 2 which is a deoxyribonucleotido wherein Sig is attached to the C3' or the C5' 
position of S. 

4. A nucleotide according to claim 1 or 2 which is a ribonucleotide wherein Sig is attached to the C2* or the C3' position 
of S. 

5. A polydeoxyribonucleotide or polyribonucleotide comprising at least one nucleotide in accordance with claim 1 or 2. 

6. A polydeoxyribonucleotide or polyribonucleotide comprising at least one nucleotide of claim 1 or 2 wherein said 
potydeoxyribonucleotlde or polyribonucleotide Is attached to a polypeptide. 

7. The polydeoxyribonucleotide or polyribonucleotide of claim 6 wherein said polypeptide Is terminally attached there- 
to. 

8. The polydeoxyribonucleotide or polyribonucleotide of claim 6 or 7 wherein said polypeptide has at least one blotin, 
iminobiotin, antibfotin, antiimlnobiotin, avidtn, streptavidtn or enzyme attached thereto. 

9. A nucleotide In accordance with claim 1 wherein Sig includes an antigenic or hapten component capable of com- 
plexing with an antibody specific to said component. 

10. Use of a nucleotide or polynucleotide according to one of the preceding claims for the manufacture of a chemo- 



therapeutic agent for inhibiting RNA and/or DNA synthesis or function in an organism. 

11. Use of a nucleotide or polynucleotide according to one of the preceding claims for the manufacture of a stimulating 
or inducing agent for the stimulation or induction of ceils for the production of lymphokines, cytokines anaVbr in- 
terferon. 

12. A method of detecting a first compound which includes a nucleotide in accordance with claim 1 as part of said first 
compound, which comprises contacting said first compound with a second compound capable of forming a complex 
therewith under suitable conditions so as to form said complex, said complex comprising said first compound and 
said second compound and detecting said complex. 

13. A method of determining the presence of a deoxyribonucleic or ribonucleic acid molecule which comprises forming 
a double-stranded hybrid polynucleotide duplex which includes a single strand of deoxyribonucleic acid or ribonu- 
cleic acid corresponding to or derived from said deoxyribonucleic or ribonucleic acid molecule and has incorporated 
Into its structure a nucleotide in accordance with claim 1 and detecting said duplex. 

14. A method of delecting the presence of a nucleic acid-containing etiological agent in a subject which comprises 
obtaining a suitable sample from said subject, delecting the presence in said sample of a deoxyribonucleic or 
ribonucleic acid naturally associated with said etiological agent by forming under suitable conditions a double- 
stranded polynucleotide duplex which has incorporated into its structure a compound in accordance with claim 1 
and a single strand of deoxyribonucleic or ribonucleic acid corresponding to or derived from said deoxyribonucleic 
or ribonucleic acid which is naturally associated with said etiological agent and detecting the presence of said 
double-stranded polynucleotide duplex. 

15. A method of testing a bacterium to determine its resistance to an antibiotic which comprises preparing a polynu- 
cleotide complementary to the deoxyribonucleic acid gene sequence of said bacterium which confers resistance 
of said bacterium to said antibiotic and which includes a nucleotide in accordance with claim 1 incorporated therein, 
contacting said polynucleotide under suitable conditions with a deoxyribonucleic acid obtained from said bacterium 
so as to form a double-stranded hybrid duplex and detecting the presence of said duplex, the detection of said 
duplex indicating resistance of said bacterium to said antibiotic and the absence of said duplex indicating the 
susceptibility of said bacterium to an antibiotic. 

1 6. A method of diagnosing a genetic disorder in a subject which comprises preparing a polynucleotide complementary 
to the deoxyribonucleic acid gene sequence of said subject which is associated with said genetic disorder and 
includes a compound in accordance with claim 1 incorporated therein, contacting said polynucleotide under suitable 
conditions with deoxyribonucleic acid obtained from said subject so as to form a double-stranded hybrid duplex 
and delecting the presence of said hybrid duplex, the presence or absence of said hydrid duplex indicating the 
presence or absence of said genetic disorder. 

17. A method of diagnosing thalassemia in a human subject which comprises preparing a polynucleotide complemen- 
tary to the deoxyribonucleic acid gene sequence which is absent in p-minus-thalassemia subjects and having 
incorporated into their structure a nucleotide in accordance with claim 1, contacting said polynucleotide under 
suitable conditions with deoxyribonucleic acid obtained from said subject so as to form a double-stranded hybrid 
duplex and determining the presence of said duplex, the absence of said duplex indicating the presence of p- 
min us -thalassemia. 

18. A method of chromosomal karyotyping which comprises preparing a series of modified polynucleotides corre- 
sponding to a series of defined genetic sequences located on chromosomes, said polynucleotides having incor- 
porated Into their structure one or more compounds in accordance with claim 1 , contacting said polynucleotides 
with deoxyribonucleic acid of or obtained from chromosomes so as to form hybrid duplexes and detecting said 
duplexes, thereby determining the location of said duplexes on said chromosomes and the location of said genetic 
sequences on said chromosomes. 



In particular, the nucleotide as claimed in the opposed patent has the formula: 

Sig 
P S B 

wherein P is a phosphoric acid moiety, S is a sugar moiety and B is a pyrimidine, purine or 
7-deazapurine moiety, P being attached at the 2', 3' and/or 5'-position of S, B being 
attached to the 1* position of S from the Nl position when B is a pyrimidine or the N9 
position when B is a purine or 7-deazapurine, and Sig is covalently attached to S directly 
or through a linkage group and represents a moiety which is detectable when said 
nucleotide is incorporated into a double-stranded nucleic acid duplex, Sig being a 
monosaccharide, polysaccharide or oligosaccharide or an electron dense component, a 
magnetic component, an enzyme component, a radioactive component, a catalytic metal 
component, a fluorescent component, a chemiluminescent component or an antigen hapten 
or antibody component. 

The nucleotides defined are non-disruptively modified and nucleic acids containing such 
nucleotides are capable of forming a double helix arrangement. 

HI 

Entitlement to Priority 

The opposed patent claims a priority on the basis of a US application 391440 filed on 23 
June 1982. 

The claims as granted are directed to modified nucleotides, polynucleotides comprising 
said modified nucleotide, the use of the nucleotide or polynucleotide as well as several 
methods using said modified nucleotide. 

The priority document, however, describes the nucleotides characterized by the general 
formula: 



Sig 
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as being ribonucleotides. For instance, page 93, last three lines to page 94, line 14 of the 
priority document describe the special nucleotides as follows: 

"Another special nucleotide in accordance with this invention is characterized by 
the general formula: 

Sig 
P S B 

Said nucleotides in accordance with this invention would be characterized as 

ribonucleotides said Sig chemical moiety when attached to said S moiety is 

capable of signalling itself or making itself self detecting or is present known and 
preferably permits the incorporation of the ribonucleotide into its corresponding 
double-stranded RNA or a DNA-RNA hybrid. " 

In addition, the claims of the priority document define the compounds having the general 
formula 

Sig 
P S B 

as a ribonucleotide. For example, claim 101 reads as follows: 
. "1 0L A ribonucleotide having the general formula, 

Sig 
P S B 

wherein P is the phosphoric acid moiety, S the sugar moiety and B the base moiety \ 
the phosphoric acid moiety being attached at the 2', 3' and/or 5' position of the 
sugar moiety, said base B being attached from the Nl position or the N9 position 
to the V position of the sugar moiety when said base is a pyrimidine or a purine, 
respectively, and wherein said Sig is a chemical moiety covalently attached to the 
-sugar S, said Sig, when attached to said sugar S, being capable of signalling itself 
or making itself self detecting or its presence known. " 
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All claims referring directly or indirectly to claim 101 (until claim 140) recite the 
ribonucleotide or polyribonucleotide. 

The priority document also provides claims directed to a nucleotide having the general 
formula P-S-B wherein the moiety Sig may be covalently attached to the P, S or B moiety. 
However, when Sig is attached to the S moiety, the S moiety is a ribose group. For 
example, claim 143 is absolutely clear about this specific option: 

"143. A nucleotide having the general formula P-S-B wherein P is the phosphoric 
acid moiety, S the sugar or monosaccharide moiety and B the base moiety, said 
nucleotide having covalently attached to the PorSorB moiety a chemical moiety 
Sig, said Sig chemical moiety when attached to the P moiety is attached thereto via 
the chemical linkage 

OH 

P o Sig, 

O 

and when Sig is attached to the S moiety, the S moiety is a ribose group, said 
chemical moiety Sig when attached to said P, S or B being capable of signalling 
itself or makes itself self detecting or its presence known. " 

The priority document itself distinguishes between ribonucleotides and 
deoxyribonucleotides. On page 92, the general structures together with names are 
explicitly shown. 

Briefly summarizing, the priority document characterizes the nucleotides having the 
general formula: 

Sig 
P S B 

as ribonucleotides. Thus, only ribonucleotides having the general formula: 



Sig 



P S B 

enjoy the priority of 23 June 1 982. 

IV 

Addition of New Matter 

The claims as granted are directed to nucleotides and polynucleotides having the general 
formula 

Sig 
P S B 

The claims as originally filed are directed to a ribonucleotide having the formula 

Sig 
P S B 

polyribonucleotides containing the modified ribonucleotide and methods of using same. 
Said claims which mention a nucleotide or polynucleotide, such as claims 2, 7, 9 and 10, 
are considered to recite a ribonucleotide or polyribonucleotide as they refer to claim 1 
defining a ribonucleotide. 

In the submission of 3 May 1995 patentee submitted amended claims 1 to 17. The term 
"ribonucleotide" in the preamble of claim 1 has been changed to "nucleotide". It was 
argued that this amendment to the claims conform with both the original disclosure and 
the rest of the claim itself. However, the generalization "nucleotide" is not originally 
disclosed in the application documents. 

In the following it will be shown that patentee's citations to support the generalization of 
the claims do not provide basis for said generalization: 




Last paragraph on page 100: "The special nucleotides of the invention include ... a 
signalling chemical moiety Sig covalently bound attached thereto, either to a P, S or B 
moiety." The presently relevant case is that Sig is bound to the S moiety. In this specific 
case, claim 1 as originally filed characterizes a ribonucleotide". 

The same situation also applies to patentee's further quotations such as page 103, first 
paragraph, page 106, page 1 13, second full paragraph, page 1 14, first paragraph and page 
115. 

Based on the above, the generalization as to the nucleotides introduced in granted claims 1 
to 18 is not supported by the original disclosure. Thus, claims 1 to 18 comprise new 
matter and should be revoked on the basis of Arts. 100c and 123(2) EPC. 

V 

Novelty 

Novelty of Claim 1 

Claims 1 recites a nucleotide having the general formula 

Sig 
P S B 

wherein P, S, B and Sig have the meanings as mentioned above. 

Such a nucleotide, however, is already known form document Dl, Daniel, F.B. and 
Beerman, E.J., Biochemistry 1 5 (1976), 565-568. 

Fig. 2 on page 566 shows dinucleosides monophosphates, ApU (A) and UpA (B) reacted 
with potassium osmate and 2,2*-bipyridyl to form the expected sugar esters. It can be 
easily realized that both dinucleoside monophosphates are nucleotides as defined in claim 
1. For example, ApU sugar ester (A) is composed of the following components: a 
phosphoric acid moiety P, a pyrimidine as B, a sugar moiety as S and a Sig which is 
covalently attached to S and represents a moiety which is detectable when said nucleotide 
is incorporated into a double-stranded nucleic acid duplex. The 2,2'-bipyridyl osmate is an 
electron dense component and thus falls into the definition for Sig. 



To the extent that the patentee seeks to interpret the claims to encompass oligonucleotides 
comprising a signal moiety that is directly or indirectly attached to S on one nucleotide by 
virtue of its attachment to P or B on a different nucleotide of the oligonucleotide prior art 
directed to such embodiments would be relevant to the novelty of the invention of the 
opposed patent. 

Document D2 relates to poly- and oligonucleotides comprising nucleotides modified at the 
base by a moiety which is capable of forming a detectable complex with a polypeptide 
when the compound is incorporated into a double stranded nucleic acid complex. For 
example, on page 27, lines 1 to 34, such modified nucleotides are shown. 

Therefore, document D2 discloses a polypeptide attached directly to B of a nucleotide in a 
nucleic acid chain and indirectly through B to S on a different nucleotide in the chain. 
Given such a broad interpretation of the claims of the opposed patent, document D2 is 
considered to be a novelty destroying document. . . . 

Document D2 is also relevant to claims 5 and 6. Page 27 shows a 
polydioxyribunucleotide or polyribonucleotide comprising a nucleotide which is modified 
according to the claim 1 interpretation as outlined above. Further, line 32 on page 27 
mentions the possibility of using a polypeptide when the compound is incorporated into a 
double-stranded duplex. 

Document D2 is also applicable to claim 10. On page 43, lines 13 to 21, the particular 
usefulness of the modified polynucleotides in the field of cancer research is described. 

VI 

Inventive Step 

As outlined in the introductory part of the opposed patent, it was already known at the 
priority date of the opposed patent to produce nucleotides or polynucleotides which are 
radioactively labelled such as with isotopes or radioactive hydrogen, phosphor, carbon or 
iodine. The use of radioactive labelled materials, however, presents hazards due to 
radiation. In order to overcome or avoid the hazards and difficulties associated with 
radioactively labelled compounds or materials, it has been proposed to chemically label 
compounds of interest such as nucleotides and polynucleotides using biotin. Biotin- 
labelled polynucleotides are selectively and quantitatively retained on avidin-sepharose 
due to the strong affinity of biotin and avidin. 
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The supposed object of the opposed patent is to provide nucleotides, oligo- or 
polynucleotides which overcome the problems associated with radioactive labelled 
nucleotides and oligo- or polynucleotides probes. 

The solution proposed in the opposed patent is to provide modified nucleotides suitable 
for attachment to or incorporation into DNA or other nucleic material. It should be 
mentioned that the claims as granted still comprise the option to use biotin for labelling the 
nucleotides and polynucleotides. Further, the examples are preliminarily based on the use 
of biotin as a label. Thus, the invention of the opposed patent cannot be seen as an 
inventive development of what was already known at the priority date of the opposed 
patent. 

Inventive Step of Claim 1 

Document D7, DE-PS 2915082, is concerned with the same problem. The object of the 
invention of D7 is to provide a process for the detection of a nucleic acid sequence or a 
nucleic acid fragment which can be easily carried out. 

Document D7 proposes to chemically modify DNA or RNA by labelling nucleotides with 
biotin. For example, on page 3, lines 12 to 14, reference is made to biotin labelling 
according to the method of Manning et al., using cytochrome C. 

Document D5 deals with the electron microscopic visualization of tRNA genes with 
ferritinravidin: biotin levels. Biotin is covalently attached to the 3-end of tRNA using an 
NH 2 (CH2)5NH 2 bridge. 

Further, document D6, US-A-4260737, reports on the radioipdination of aminoacyl- 
transfer RNAs with either 1251 or 1311 resulting in the radioactive labelling of specific 
nucleotides in the tRNA. 

Additionally, document D8 relates to the modification of the terminal nucleotide of 5S 
RNA with a fluorescent moiety. Briefly, RNA was oxidized with periodate which 
converts the diol of the sugar in the terminal nucleotide to a dialdehyde. The dialdehyde is 
then coupled to the fluorescent moiety by reaction with thiosemicarbazide. The 
fluorescent moiety allows for rapid detection of in situ hybrids. In this context, reference 




is made, for example to pages 3 and 4, section "Fluorochrome-Labelling of RNA" and 
section "In situ Hybridisation Procedure' 1 . 

Similarly, document D9 describes the modification of the terminal nucleotide of tRNA 
with biotin for indirect electron microscopic visualization and mapping of RNA and other 
short transcripts hybridized to DNA. As described in the Abstract, biotin was coupled to 
the terminal nucleotide via the sugar by periodate oxidation followed by coupling biotin to 
the sugar using a diamine linker moiety. Avidin covalently crosslinked to ferritin was 
mixed with hybrids containing biotin-labeled tRNA and the complex was detected by 
electron microscopy to specifically and accurately reveal the position of the tRNA gene. 

Documents D10 and Dl 1 describe the coupling of a hapten to the sugar of a nucleotide, 
substantially as claimed. In reaction 3 of Figure 1, on page 380, document D10 suggests 
that the sugar of a nucleotide can be modified by a protein in the presence of carbodiimide. 
Further, document Dl 1 states, for example, on page 69, third full paragraph that the sugar 
of a ribonucleotide can be coupled to a protein by periodate oxidation and subsequent 
borohydride reduction. 

The modified ribonucleotides of document Dl 1 were immunogenic, such that the proteins 
attached to the sugar are haptens, substantially as claimed. 

Finally, in Figure 4(1) at page 287, document D12 shows the structure of the complex 
formed upon reaction of a nucleoside with diethyIenetriaminecobalt(III). The cobalt 
chelates with the diol of the sugar. Further, at page 291, document D12 states that 

"ATP coordinated around cobalt (III) in the form of chelate through the two 
hydroxy groups at 2- and 3'-positions of ribose moiety at pH 77.0, as in the 
Co(III)dien3 + -nucleoside complexes. " 

Therefore, at the priority date, it was common knowledge that a variety of labels 
(fluorescent, heavy metal, chelate, peptide and immunogen) could be employed to label 
various biological substances. Hence, starting from the known labeled 
nucleosides/nucleotides or polynucleotides, it was obvious for the skilled person to use the 
same for the purposes outlined in the opposed patent. The nucleotide as recited in claim 1 
is thus not based on an inventive step over any of prior art documents D3 to D12. 




Inventive Step of Claim 5 

Claim 5 defines a polydeoxyribonucleotide or polyribonucleotide comprising at least one 
labelled nucleotide as recited in claim 1. 

Document D7 describes nucleic acids which are used as indicator by labelling individual 
nucleotides with biotin. In the examples rRNA is modified with biotin and cytochrom C. 

Similarly, document D5 uses biotin to label tRNA. 

Further, as discussed above, document D8 relates to the modification of the terminal 
nucleotide of 5S RNA with a fluorescent moiety and document D8 describes the 
modification of the terminal nucleotide of tRNA with biotin. 

Based on the above, it was known at the priority date of the opposed patent to use biotin or 
fluorescent molecules as label for specific nucleotides in nucleic acids. Thus, the subject 
matter of claim 5 is not based on an inventive step. 

Inventive Step of Claim 12 

Claim 12 is very generally formulated and directed to a method of detecting a first 
compound to form a complex which is then detected. 

Said complex is described in document D7. The first compound corresponds to the 
modified nucleic acid whereas the second compound is a DNA hybridizing with said 
indicator DNA. As the formation of such complexes can be easily taken from document 
D7, the method of claim 12 does not involve and inventive step. 

Inventive Step of Claim 13 

According to the method of claim 13, a double-stranded hybrid polynucleotide duplex is 
formed which comprises a DNA or RNA molecule incorporating a nucleotide according 
to claim 1 . Said duplex is then detected. 




As already set out in connection with claim 12, such hybrids are well-known from 
document D7. Reference is made to the example of D6 describing a duplex formation of 
DNA and biotinylated rRNA. The detection is carried out by the biotin/avidin reaction. 
Thus, claim 13 is not based on an inventive step over document D7. 

Inventive Step of Claim 14 

In claim 14 a method is defined of detecting the presence of a nucleic acid-containing 
ethiological agent in a suitable sample from a subject by forming a double-stranded 
polynucleotide duplex and detecting the same. 

The process of document D7 can be advantageously used in diagnostic in vitro processes 
for the detection of various viruses (see page 4, lines 46 to 48). Thus, the method of claim 
14 is not inventive over document D7. 

Inventive Step of Claim 15 

The method as claimed is a test of a bacterium to determine its resistance to an antibiotic. 
After forming a double-stranded hybrid duplex consisting of a hybrid DNA and a labelled 
DNA, the presence of the duplex is detected. Such a process is already suggested in 
document D7. It is mentioned on page 4, line 50 that the process may be also used for the 
bacterial diagnosis. 

Inventive Step of Claim 16 

According to the process of claim 16, diseases associated with genetic disorder may be 
detected by contacting a polynucleotide hybrid with a labelled DNA. Subsequently, the 
hybrid duplex formation is detected. The diagnosis of chromosomal anomalies, however, 
can be also carried out according to the process of D7, see page 4, lines 48/49. Thus, the 
process of claim 1 6 is clearly not inventive over D7. 

Inventive Step of Claim 17 

According to claim 17 a method of diagnosing thalassemia in a human subject is defined 
by contacting a DNA hybrid with a labelled DNA and detecting the duplex formation. 
The detection of diseases by using a labelled DNA duplex and detecting the same can be 
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taken from document D7. It is referred to page 4, lines 46 to 51. Thus, the process of 
claim 17 is not inventive over D7. 

Inventive Step of Claim 18 

Claim 18 defines a method of chromosomal karyotyping using labelled hybrid duplexes 
and detecting the same. The person skilled in the art also learns from document D7 that 
labelled hybrid duplexes may be used for the detection in the field of chromosomal 
investigations. It is referred to page 4, lines 48/49. Accordingly, the process of claim 18 
is not based on an inventive step over D7. 

VII 
Subclaims 

The subject matter of the subclaims is also not appropriate to add inventive matter to the 
independent claims. 

Claim 2: Ribonucleotides having a sugar residue are known from document D3, Eberhard 
W. et al., Nucleic Acids Research 9 (1981). Phosphorylation of such sugar- 
ribonucleotides lies within the ordinary skill. For instance, document D3, Saffhill, R. and 
Hall, J.J., Carbohydrates Nucleosides Nucleotides 8 (1981), 573-583, describes the 
phosphorilation of nucleotides. 

Claims 3 and 4: O*' and C^' glycosylated nucleotides are described in document D3, see 
formulas. 1 and 2 and the sugar shown in Fig. 1 . 

Claims 6 to 8: Biotinylated RNAs are described in D5'and D7. 

Summarizing, based on the above, none of claims 1 to 18 of the opposed patent involves 
an inventive step. The features of the claims are absolutely obvious and a skilled 
practitioner would not have encountered any difficulty in obtaining the compounds of the 
claims. The subject matter of the claims would have been arrived at with very expectation 
of success. 
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VIII 

Lack of Disclosure 

Should the Opposition Division for any reason acknowledge novelty and inventive step of 
the subject matter claimed, attention should be given to the following. 

The specification of the opposed patent does not show how to prepare a nucleotide as 
claimed. Specifically, the claims relate to a nucleotide of the formula 

Sig 

P S B 

wherein the signal moiety is attached to the sugar of the nucleotide. However, at no point 
in the specification is there a disclosure of how one could make such a nucleotide. 

The claimed structure is first presented on page 3 of the specification. In the preceeding 
paragraph, the specification states: 

"The present invention relates to nucleotides which are modified, such as at the 5- 
position of pyrimidine or the 7-position of purine, preparatory for the preparation 
therefrom of nucleotide probes suitable for attachment to or incorporation into 
DNA or other nucleic acid material In the practices of this invention nucleotides, 
i.e., nucleic acids, preferably modified in a non-disruptive manner such that the 
resulting modified nucleotides are capable of incorporation into nucleic acids and 
once incorporated in nucleic acids the modified nucleotides do not significantly 
interfere with the formation or stabilization of the double helix formed of the 
resulting nucleic acids containing the modified nucleotides. The non-disruptive 
modification of nucleotides is in contrast with those modifications of nucleotides 
which are characterized as a disruptive modification in the sense that the resulting 
disruptively modified nucleotides and nucleic acids containing the same block 
proper double helix formation. In the practices of this invention, the nucleotides 
are desirably modified at the 5-posiHon of the pyrimidine or the 7-position of the 
purine. The nucleotides so modified are non-disruptively modified and nucleic 
acids containing such nucleotides are capable of forming a double helix 
arrangement " (opposed pageni at page 3, lines 38 to 49) (emphasis added) 




Therefore, in order to provide an enabling disclosure for the scope of the claims, the 
specification must provide a minimum of three elements: (1) a method of obtaining a 
nucleotide having the claimed formula, (2) incorporation of the claimed nucleotide into a 
nucleic acid, and (3) the formation of a double helix using the nucleic acid of (2). The 
second and third elements are required to show that the attachment of the signal moiety to 
the sugar constitutes a non-disruptive modification which enables incorporation of the 
modified nucleotides into a nucleic acid which is capable of forming a double helix. 
However, the specification does not provide any guidance as to the preparation of the 
claimed nucleotides, or their subsequent incorporation into a nucleic acid capable of 
forming a double helix. 

The examples merely describe the incorporation of signal moieties at the base of a 
nucleotide rather than at the sugar. Indeed, the only example in which the attachment of a 
polysaccharide signaling moiety to a nucleotide is described, such as that suggested in the 
claims, appears in Example XXXI at page 18, lines 19 to 32 of the specification of the 
opposed patent wherein the polysaccharide is attached to the base. There is simply no 
guidance as to the preparation of the claimed nucleotides, let alone the use of such 
nucleotides in either single or double stranded nucleic acids. Thus, the specification does 
not give evidence for the whole breadth of the claims. Consequently, the person skilled in 
the art would not be able to work the invention. Additionally, reference is made to the 
relevant Technical Board of Appeal decisions T409/91 and T435/91. 

Our request to revoke the patent in its entirety is therefore fully justified. 
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